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Abstract
Background
Cystic echinococcosis (CE) is a parasitic disease caused by the tapeworm Echinococcus
granulosus. Although present throughout Europe, deficiencies in the official reporting of CE
result in under-reporting and misreporting of this disease, which in turn is reflected in the
wrong opinion that CE is not an important health problem. By using an alternative data
source, this study aimed at describing the clinical and temporal-spatial characteristics of CE
hospitalizations in Spain between 1997 and 2012.
Methodology/Principal Findings
We performed a retrospective descriptive study using the Hospitalization Minimum Data
Set (CMBD in Spanish). All CMBD’s hospital discharges with echinococcosis diagnosis
placed in first diagnostic position were reviewed. Hospitalization rates were computed and
clinical characteristics were described. Spatial and temporal distribution of hospital dis-
charges was also assessed. Between 1997 and 2012, 14,010 hospitalizations with diagno-
sis of CE were recorded, 55% were men and 67% were aged over 45 years. Pediatric
hospitalizations occurred during the whole study period. The 95.2% were discharged at
home, and only 1.7% were exitus. The average cost was 8,439.11 €. The hospitalization
rate per 100,000 per year showed a decreasing trend during the study period. All the auton-
omous communities registered discharges, even those considered as non-endemic. Maxi-
mum rates were reached by Extremadura, Castilla-Leon and Aragon. Comparison of the
CMBD data and the official Compulsory Notifiable Diseases (CND) reports from 2005 to
2012 showed that official data were lower than registered hospitalization discharges.
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Conclusions
Hospitalizations distribution was uneven by year and autonomous region. Although CE hos-
pitalization rates have decreased considerably due to the success of control programs, it
remains a public health problem due to its severity and economic impact. Therefore, it
would be desirable to improve its oversight and surveillance, since officially reported data
are underestimating the real burden of CE in Spain.
Author Summary
Cystic echinococcosis (CE) remains an important health problem in many regions of the
world, including those where control programs have been implemented. In Spain, avail-
able information on CE is incomplete, and its importance tends to be underestimated due
to underreporting and to the lack of compulsory notification. In this paper we used hospi-
talized CE discharge data to describe CE main epidemiological characteristics and CE geo-
graphical and temporal trends in Spain. Although CE hospitalization rates have decreased
considerably in the last years, the overall economic losses estimations due to CE were still
rather high in Spain. The need for a continuous and well-defined source, with national
coverage, of epidemiological data on CE is emphasized in this paper, not only to have a
more accurate picture but to monitor the control activities in place.
Introduction
Human echinococcosis (HE) is a zoonotic disease caused by the larval cystic stages of cestode
species in the genus Echinococcus. The infection, one of the 17 neglected tropical diseases listed
by the World Health Organization (WHO), has a cosmopolitan distribution and is maintained
through a variety of domestic, synanthropic, and sylvatic cycles [1]. The two most important
species are E. granulosus (sensu strictu), the cause of cystic echinococcosis (CE), and E.multilo-
cularis, the cause of alveolar echinococcosis (AE) [2]. HE is acquired by ingesting eggs, coming
from the faeces of definitive hosts (dogs, wolves and other canids), that harbour the adult Echi-
nococcus worms in their small intestine. Humans can be exposed to these eggs by "hand-to-
mouth" or “food-to-mouth” transfer or contamination.
CE is the cause of significant losses in endemic areas [3]. It is found in Africa, Europe, Asia,
the Middle East, and Central and South America. The parasites causing cystic echinococcosis
(CE) are transmitted to man and domestic animals either directly or indirectly from dogs. The
highest prevalence rate is found in populations that raise sheep. Although not yet been well-
defined, some reported risk factors for CE human infection include uncontrolled dogs living
closely with people, uncontrolled slaughter of livestock, and unsanitary living conditions [4].
Population at high risk of CE include shepherds, butchers, slaughters, veterinarians, and all
whose job requires them to work closely with animals at higher risk of the infection [5,6].
Humans may acquire CE infection from wild or domestic animal hosts, but the parasite can-
not be directly transmitted between humans. Therefore from a control viewpoint, treatment of
CE cases will have no effect on pathogen transmission [7]. Where the importance of CE has
been recognized, control programs have been implemented, leading to a drastic reduction in its
prevalence [8]. However, the decrease of CE cases has also caused the discontinuation of con-
trol measures and the exclusion of this disease from the list of notifiable diseases [9].
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In Europe, E. granulosus has an uneven geographical distribution with very low prevalence
in some of the northern and central European countries, with medium endemicity in others,
while highly endemic in the Mediterranean and Some Eastern countries [10]. In Spain, CE is
one of the most important anthropozoonoses in terms of incidence and morbidity [9]. In 1985,
there were about 1,000 new human cases (about 2.5/100,000 per year). Since the eighties of the
last century, a continuous decrease of CE has been reported, i.e. there were about 600–700 new
cases per year in the 1980s and 500-300/year in the 1990s. In 1997, the incidence rate dropped
to 0.78/100,000per year. These excellent results were achieved after the implementation of
national control programs by the autonomous communities (CC.AA in Spanish), mainly based
on slaughterhouse hygiene, public education and the use of periodic treatment of dogs with
praziquantel [10].
The CE notification in Spain was mandatory at national level from 1981 to 1996 [11]. Since
1996, the regional autonomous authorities of each CC.AA became fully in charge of the financ-
ing and implementation of the control programs. From 1997 on, CE disease is only surveyed
by those autonomous communities considered endemic [13]. Currently, the national epidemi-
ological surveillance network is based on 3 interdependent systems: Compulsory Notifiable
Diseases (CND), Outbreak Alerts (OA) and Microbiological Information (MI). The CND is
considered the universal notification system, providing the official figures published in the
Spanish Report on Trends and Sources of Zoonoses by the European Commission [14]. The
performance and coverage of these systems in CE reporting is very limited both quantitatively
and qualitatively, due to a number of factors derived from their operating designs and the par-
ticular biological features of CE [13,15]. Other possible source of information is the Centralized
Hospital Discharge Database (CMBD in Spanish). The CMBD has been recently used to esti-
mate the incidence of CE in the province of Salamanca [11] and in the autonomous region of
Madrid [16]. Both surveys found relevant epidemiological data showing higher incidence rates
than those reported by the CND. This study aims to describe the hospital admissions and
patients’ characteristics related to CE disease at a national level to get a better picture of the cur-
rent epidemiological scenario after the implementation of regional control programs.
Methods
Data analysis
We performed a retrospective descriptive study using CMBD information on CE related hospi-
talizations in Spain between January 1st, 1997 and December 31st, 2012. CMBD database
receives notification from around 98% of the public hospitals in Spain [17]. The National
Health System (NHS) provides free medical care to 99.5% of the Spanish population, although
those persons not covered by the NHS can be attended at the public hospitals. Private hospitals
represent only a small proportion of all hospital admissions. Since 2005, CMBD also has a
gradual coverage from private hospitals [18].
All CMBD’s hospital discharges with any type of CE diagnosis placed in first diagnostic
position were reviewed. The first diagnostic position is the main cause of hospitalization. Inter-
national Classification of Diseases, Ninth Revision, Clinical Modification (ICD 9 CM), the ICD
version employed during the study period, was used for this purpose (Table 1) [19]. Those hos-
pital discharges with first diagnosis of E.multilocularis infections (ICD 9 codes: 122.5–122.7)
were excluded from the analysis.
For each entry, we collected socio-demographic (sex, age and autonomous community of
residency) and clinical data (type and department of admission, length of hospitalization, non-
invasive procedures and history of surgical intervention during the hospitalization, re-admis-
sion, outcome, hospitalization0s cost to the health care system, financing regime and diagnosis
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related group (DRG)). The length of hospitalization was computed by using the admission and
the discharge dates for each hospitalization record. Costs were calculated using diagnostic cost
group. The diagnostic cost group is based on the DRG for the hospitalized patients, age, sex,
and resource consumption. DRG represents a medical-economic entity concerning a set of dis-
eases requiring analogous management resources.
We described the clinical characteristics for all hospitalizations with echinococcosis as first
diagnosis, and separately for: a) CE with liver infection; b) CE with lung infection; and c)
unspecified CE hospitalizations and/or with other organs infestation. Differences in propor-
tions between these groups were assessed by the χ2 test and the Student's t test for qualitative
and quantitative data, respectively. We used two-sided tests and p< 0.05 was considered
significant.
The average number of hospitalizations per year and the annual hospital admissions rate
(per 100,000 per year) were calculated. Population at risk was obtained from the Spanish cen-
sus projection [20]. It was assumed that the age distribution of the population covered by these
hospitals was similar to the general population. Hospitalization rates were computed by auton-
omous community and year in order to assess temporal and geographical patterns. Trends in
hospitalization rates were analyzed by linear regression for the whole study population and by
age groups. Results in terms of mean rates by CC.AA were plotted in maps for the whole study
period. The changes in rates over time were mapped using the Geographical Information Sys-
tem Arcgis version 10.0.
Data analysis was performed using STATA software version 12.
Ethics statement
This study involves the use of patient medical data from The Spanish National Hospital Data-
base (CMBD). These data are hosted by the Ministry of Health Social Services and Equality
(MSSSI). Researchers working in public and private institutions can request the databases by
filling, signing and sending a questionnaire available at the MSSSI website. In this question-
naire a signed Confidentiality Commitment is required. All data are anonymized and de-iden-
tified by the MSSSI before it is provided to applicants. According to this Confidentiality
Commitment signed with the MSSSI, researchers cannot provide the data to other researchers
that must request the data directly to the MSSSI [17].
Results
A total of 14,259 hospital discharges with diagnosis of echinococcosis in first diagnostic posi-
tion were identified for the 16-year study period. E. granulosus or non-specified echinococcosis
Table 1. Main diagnosis in human echinococcosis hospitalizations, 1997–2012, Spain.
ICD-9-CM code Type (according to ICD-9 code) n %
122.0 Echinococcus granulosus infection of liver 1,411 9.9
122.1 Echinococcus granulosus infection of lung 467 3.3
122.2 Echinococcus granulosus infection of thyroid 3 0.0
122.3 Echinococcus granulosus infection, other 227 1.6
122.4 Echinococcus granulosus infection, unspeciﬁed 14 0.1
122.5–122.7 Echinococcus multilocularis infections 249 1.8
122.8 Echinococcosis, unspeciﬁed, of liver 9,632 67.6
122.9 Echinococcosis, other and unspeciﬁed 2,256 15.8
Total 14,259 100.0
doi:10.1371/journal.pntd.0004942.t001
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(ICD-9-CM codes: 122.0, 122.1, 122.2, 122.3, 122.4, 122.8, and 122.9) were registered as etio-
logical agent in 14,010/14,259 (98.3%) hospitalizations whereas E.multilocularis (ICD-9-CM
codes: 122.5–122.7) was registered as etiological agent in 249/14,259 (1.7%) hospitalizations.
Excluding E.multilocularis records, organ involvement in the other 14,010 hospitalizations
was encoded as follow: -Infection of the liver in 11,043 (78.8%); -Infection of the lung in 467
(3.3%); -Infection of other organs in 230 (1.6%); and; -Unspecified site in 2,270 (16.2%)
(Table 1).
Clinical characteristics of cystic echinococcosis in Spain
The mean age of the 14,010 hospitalization records was 55 years (range 0–99) with the 46–64
age group being slightly more represented (34.8%). Of the total 14,010 hospitalizations, 8,411
(60%) had registered a surgical intervention. The predominant admission type was “pro-
grammed” (60.6%). The 95.2% of hospitalizations were discharged at home, death occurring in
1.7%.
Overall, 1,673/14,010 (11.9%) were re-admissions. The hospitalization median time was 11
days and the hospitalization median cost ranged from 1,320.4 to 5,865,329 €; being the median
cost per hospitalization of 8,439.1 €.
Echinococcus granulosus infection of the lung (ICD-9: 122.1) and unspecified echinococco-
sis (ICD-9: 122.3–4 and 122.9) were more common among males (p<0.005) while no signifi-
cant sex differences were observed for CE hospital discharges with liver infection. Regarding
the age distribution, the 11.35% of CE hospitalizations with lung infection were children under
15 years old. Compared to this rate, the percentage of children with liver infection or other
organs/unspecified type were lower (1.85% and 4.52%, respectively). Surgical intervention
occurred more commonly in CE hospital discharges with liver infection than in CE hospitaliza-
tions with lung infection (p<0.005). The 1.67% of CE hospital records with liver infection were
exitus, percentage slightly lower than in CE records with lung infection (0.64%).
Spatial and temporal trends in Spain
The temporal distribution of CE hospitalizations during the 16-year study period is repre-
sented in Fig 1. At the national level, the overall mean of yearly hospital discharges with a diag-
nosis of CE was 2.1/100,000 per year (range 1.9–2.2/100,000 per year). From 1997 to 2012, a
decreasing trend was found (p<0.005) (S1 Table).
The 58.2% (8,160/14,010) of these hospitalizations were recorded between 1997 and 2004.
For the two study periods (1998–2004 and 2005–2012), we obtained hospitalization rates of 2.5
and 1.6/100,000 per year, respectively. Hospitalization rates declined in all age groups during
the study period. Pediatric CE hospitalizations were reported every year during the study
period (n = 370, Table 2). Significant declines in hospitalization rates existed for all the age
groups, although it was more accentuate for hospitalized patients aged 45–64 years old and
those up to 64 years old (p<0.001) (Fig 1 and S2 Table).
Comparison of the CE hospital registries and the data officially reported in the CND [21] is
shown in Fig 2 (from 2005 to 2012). The figure shows that the number of CE cases reported in
CND is much lower every year than the number of CE hospital discharges.
Regarding the regional distribution of CE hospitalizations as first diagnosis throughout the
whole study period, CE hospitalizations occurred in all the CC.AA. Extremadura had the high-
est mean hospitalization rate (6.8 hospitalizations/100,000 per year), followed by Castilla-Leon
(5.3/100,000 per year), Aragon (5.1/100,000 per year) and Castilla-La Mancha (4.4/100,000 per
year). The insular CC.AAs of Spain (Balearic and Canary islands) were among the ones with
lower CE hospitalization rates (S3 Table).
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For both study periods (1998–2004 and 2005–2012), the highest rates were recorded in the
same autonomous communities (Extremadura, Castilla-Leon and Aragon). A significant
decrease in the hospitalization rates was registered in all but three autonomous communities
(Balearic and Canary Islands and Murcia) and one autonomous city (Melilla); these communi-
ties and city being among the ones with the lowest rates in the first period. The biggest
decreases (50%) occurred in Ceuta and Navarra, followed by Rioja, Catalonia, Castilla-Leon
and Basque Country, with up to 40% of decrease (Fig 3 and S3 Table).
The hospitalization trends in those CC.AAs with higher rates revealed different patterns. In
Extremadura, CE mean rates decreased from 1998 to 2002 and then peaked over national
mean rates in 2003 and 2006, followed by a steady decline (except for 2012). In la Rioja and
Castilla-Leon, similar peaks were registered in 2002 and 2006, both exceeding the national rate.
In other communities, the hospitalization rate periodically reached high values during 2002,
2006, 2008 and 2010 (Fig 4).
Discussion
CE is an endemic disease in Spain, although its burden and costs are difficult to estimate.
Despite being subject to surveillance according to European legislation [22], notification of
human cases ceased to be compulsory in 1995 [12]. Currently, health authorities are required
to provide only a yearly summary of regional data [14]. In this sense, the deficiency of reporting
systems of CE results in under-reporting and misreporting of this disease (13). This in turn cre-
ates the wrong opinion that CE is not an important health problem, leading to difficulties in
the appropriate measurement of disease burden and impact on public health of CE.
Although there are some studies performed locally in Spain (13,15), to our knowledge, this
is the first one addressing CE epidemiology nationwide. The comparison of officially notified
cases (CND) with hospital records performed here indicates a clear discrepancy between both
registries, with consistent underestimation of the burden of CE in official data, as already stated
Fig 1. Mean rates (hospitalizations/100,000 per year) of cystic echinococcosis hospitalizations by age group and year, 1998–
2012, Spain.
doi:10.1371/journal.pntd.0004942.g001
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by other authors for some autonomous communities [8,15]. Nevertheless, this comparison
should be read with caution; the number of CE cases might be overrated due to re-admissions
while the CND data only gather information from some CC.AA. In Europe, difficulties in
reporting of CE do not apply to Spain alone [23]. Comparison of notified cases with hospital
records have indicated a clear discrepancy in several countries, with consistent underestima-
tion of the burden of CE [8,23,24].
During the study period of 16 years, there were 14,010 hospitalizations for which E. granulo-
sus or non-specified echinococcosis were recorded in first diagnostic position. The majority
were recorded as non-specified hepatic echinococcosis. Surprisingly, we found 249 hospitaliza-
tions which included E.multilocularis. We decided to exclude this data from our analysis. In
Spain, AE is a very rare disease; only two isolated cases have been reported in the literature
[25,26]. Moreover, there are no data demonstrating the presence of the infection in the defini-
tive hosts, neither exist standardized epidemiological studies showing the opposite [27]. The
relatively high number of E.multilocularis hospitalizations that we found, might be most prob-
ably due to recording errors, considering that “multilocularis” may also be interpreted as “sev-
eral locations” in Spanish. On the other hand, these AE related hospitalizations might
correspond to imported cases. Unfortunately we lack information in the CMBD database to
discard or support these explanations. In this sense, changes in CE codes are expected within
Table 2. Clinical characteristics of cystic echinococcosis hospitalizations, 1997–2012, Spain.
Variable Total liver infection Lung infection Other organs/unspeciﬁed
(n = 14,010) (n = 11,043) (n = 467) (n = 2,500)
N (%) N (%) N (%) N (%)
Sex Male 7,693 (54.92) 5,801 (52.54) 315 (67.45) 1,577 (63.08)
Female 6,315 (45.08) 5,240 (47.46) 152 (32.55) 923 (36.92)
Age-groups <15 y 370 (2.64) 204 (1.85) 53 (11.35) 113 (4.52)
16–44 y 4,231 (30.20) 3,331 (30.17) 171 (36.62) 729 (29.16)
45–64 y 4,882 (34.85) 3,876 (35.10) 132 (28.26) 874 (34.96)
> = 65 y 4,526 (32.31) 3,631 (32.88) 111 (23.77) 784 (31.36)
Surgical intervention No 5,599 (39.96) 4,248 (38.47) 237 (50.75) 1,114 (44.56)
Yes 8,411 (60.04) 6,795 (61.53) 230 (49.25) 1,386 (55.44)
Type of admission* Urgent 5,478 (39.10) 4,234 (38.34) 214 (45.82) 1,030 (41.20)
Programmed 8,497 (60.65) 6,783 (61.42) 251 (53.75) 1,463 (58.52)
Others/unknown 35 (0.25) 26 (0.24) 2 (0.43) 7 (0.28)
Type of discharge Home 13,341 (95.22) 10,567 (95.69) 442 (94.65) 2,332 (93.28)
Transfer 307 (2.19) 196 (1.77) 19 (4.07) 92 (3.68)
Others/unknown 130 (0.93) 96 (0.87) 3 (0.64) 31 (1.24)
Exitus 232 (1.66) 184 (1.67) 3 (0.64) 45 (1.80)
Readmission No 12,337 (88.06) 9,742 (88.22) 402 (86.08) 2,193 (87.72)
Yes 1,673 (11.94) 1,301 (11.78) 65 (13.92) 307 (12.28)
median (range) median (range) median (range) median (range)
Hospitalization time (days) 11 11 10 10
(0–442) (0–251) (0–113) (0–442)
Hospitalization cost (euro) 8,439.11 8,793.55 7,135.9 6,520.48
(1320.36–5,865,329) (1,320.36–5,865,329) (2,062.73–1,554,050) (2,433.08–5,096,296.50)
* “Urgent”: the patient required immediate attention for the care and treatment of his/her disease. The patient is admitted to the ﬁrst available and suitable
accommodation. “Programmed” (or elective): the patient's condition permitted adequate time to schedule the availability of suitable accommodations.
“Other”: non-speciﬁed in the CMBD database
doi:10.1371/journal.pntd.0004942.t002
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the coming implementation of the ICD-10 in all Spanish hospitals in January 2016 [28]. In our
opinion, this new CE classification will fit better the clinical spectrum of this disease. Therefore,
more accurate recording process might be expected in the future.
Besides inaccurate reporting of the number of cases, there are additional limitations in the
current reporting systems of CE, e.g., the lack of discrimination between autochthonous and
imported cases. In this sense, Lopez-Bernus et al. [15] have recently reported that immigrants
represent only the 3% of CE hospital admissions in public hospitals from Castilla-Leon. How-
ever, results from Castilla-Leon may not be representative for the rest of the country, as this is
one of the Spanish CC.AA with lower percentage of immigrant population [20]. Further limita-
tions on the current report of CE with impact in the management of patients and in the estima-
tion of the epidemiological situation of CE have been recently revised in Italy by Tamarozzi
et al.[24].
Our study indicates that most of the CE hospitalizations were males aged over 16 years old.
In a research carried out in the United States, the age-adjusted mortality rates were also higher
in males than in females [29]. This apparent increased risk of echinococcosis in males may
reflect higher rates of occupational exposures from the tending of livestock. The even distribu-
tion of hospitalized cases in persons older than 16 supports this finding. Moreover, one third of
the hospitalizations occur in each of the age groups 16–44, 45–64 and> 65 years old, which
might suggest that CE infection occurs in youth ages. On the other hand, hospitalizations in
children persisted over the years despite of the control measures. Children can be more suscep-
tible to get infected through fecal–oral contact with dogs, particularly in the course of playful
and intimate contact between children and dogs [30]. Even the decline over the study period
was less pronounced for this age group. This might indicates an active transmission of disease
Fig 2. Comparison of the number of hospital registries (CMBD) of CE patients (blue line) with those reported in the CNDs
(green line), from 2005 to 2012.
doi:10.1371/journal.pntd.0004942.g002
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and a lack of success of the regional control and prevention programs for CE, thus much
remains to be done.
Overall, liver was the most frequent reported site of infection, which is expected, as liver
involvement is the most common manifestation of echinococcosis [3]. We found a ratio lung:
liver involvement higher in children than in adults, which has been previously described in the
literature. In adult humans, cysts occur more frequently in the liver, followed by the lungs [31].
In children, lung is the predominating site for cyst detection apparently by allowing faster
growth of the cyst due to its compressible nature, vascularization, and negative pressure [32].
Around 60% of the overall CE hospitalizations were submitted to surgery. In the past, sur-
gery was the only treatment for cystic echinococcal cysts. Currently, four options exist for the
clinical management of CE: percutaneous treatment of the hydatid cysts with the PAIR (Punc-
ture, Aspiration, Injection, Re-aspiration) technique, surgery, anti-infective drug treatment,
and “watch and wait” [33]. In this study, 60% of hospital discharges with liver localization went
under surgery, which is a bit striking knowing that other several non-surgical techniques (such
as PAIR) exist for this clinical manifestation. On the other hand, only 50% of CE patients with
lung infection were operated, despite that surgery is the main therapeutic approach in pulmo-
nary cystic echinococcosis [32]. Therefore, in our study pulmonary CE got less surgery than
liver CE. We know that the frequency of surgical interventions is usually higher in pulmonary
Fig 3. Comparative evolution of human echinococcosis hospitalizations rates (hospitalizations/100,000 per year) between 1997 and
2012, by autonomous community and time period, Spain.
doi:10.1371/journal.pntd.0004942.g003
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hydatid location [34], and that the most commonly affected organ in CE is the liver, followed
by the lung [3]. In our database, only 3.3% of CE hospitalizations were encoded as pulmonary
location. Pulmonary involvement usually coexists (up to 75%) with concomitant liver involve-
ment in adult patients [35]. Thus, a possible explanation could be that some hospitalizations
were encoded as liver hydatid disease, although lung involvement existed too. Moreover, hepa-
topulmonary hydatidosis might have also been wrongly recorded as multilocularis echinococ-
cosis or "other / unspecified". Unfortunately, we cannot disentangle this issue with the CMBD
database.
The median cost per hospitalization was 8,439.11 €, ranging from 1,320.4 to 5,865,329
euros. Compare to the public health care expenses per year in Spain (median cost per inhabi-
tant of 1,510 € for the year 2009, [36]) and the hospitalization costs for cardiovascular diseases,
one of the most prevalent diseases in Spain, for the same year (median 5,732.9 € per patient
[37]), the hospitalization median cost per CE patient was much higher. Echinococcosis is often
expensive and complicated to treat, and may require extensive surgery and/or prolonged drug
therapy [38], causing more expenses per patient than the expenses related with hospitalization
of cardiovascular diseases patients. Thus, the need for effective disease control measures is also
key from an economic point of view.
Hospitalization time and cost were lower in patients with lung involvement than liver infec-
tion, as well as exitus rates, which could means that pulmonary form is less severe. Cysts in the
lung are not usually life-threatening. Rather, it is the underlying cyst in the liver that is respon-
sible of major CE complications. Besides, cysts in the liver resist treatment and are often not
fully resectable, whereas pulmonary cysts use to respond well to standard and are more easily
surgically removed [39].
The overall rate of yearly hospital discharges with CE diagnosis in the present study was 2.1;
with a significant decreasing trend from 1998–2004 to 2005–2012. In Spain, the implementa-
tion of control programs for echinococcosis started in the 1980s, mainly based on the periodic
Fig 4. Mean rates (hospitalizations/100,000 per year) of cystic echinococcosis hospitalizations by autonomous community and
year, in those communities with the highest rates, 1998–2012, Spain.
doi:10.1371/journal.pntd.0004942.g004
Epidemiology of Cystic Echinococcosis in Spain
PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0004942 August 22, 2016 10 / 15
treatment of dogs with praziquantel [8], and it led to a significant decrease in human incidence
rates according to the CND reports; in 1985, there were about 1,000 new human cases (about
2.5/100,000 per year) and the incidence rate dropped to 0.78/100,000 per year in 1997 [10]. To
our knowledge, the rate of CE has not been updated since then, coinciding with the implemen-
tation of the new decentralized surveillance system in 1996 [13].
In our study, the geographical distribution of CE hospitalizations, as well as the rate
change between the two study periods, varied among CC.AA. Extremadura had the highest
mean hospitalization rate for the whole period, followed by Castilla-Leon, Aragon and Cas-
tilla-La Mancha, while major rates ‘decrease occurred in Navarra and Ceuta. In other autono-
mous communities the decrease was less substantial (i.e. Galicia), or even opposed (three
autonomous communities and one autonomous city, Balearic Islands, Canary Islands, Murcia
and Melilla, shown rates´ increase between both study periods). As expected, the endemic
CC.AA with higher rates had experienced a decline (probably due to the control measures),
while CE hospitalization rates increased in the CC.AA where the presence of the disease has
been rarely (Balearic Islands [40,41],or very rarely described (in Canary Islands, the first
autochthonous case was reported in 1985, not existing evidence of any new case since then
[42]). Nevertheless, it should be noticed that the place of origin of the infection is not reported
in the CMBD database.
Regarding the regional trends, we observed peaks in 2002, 2006, 2008 and 2010 for most
CC.AAs with higher CE incidence, although differences also exist among them. Spatial and
temporal clusters of CE have been previously described in France and Switzerland [43]. The
trend differences that we found may be explained by disparities in the regional health pro-
grams after 1995, when the CC.AA became fully in charge of the financing and implementa-
tion of the control programs [44]. Other possible explanation is the migratory movement,
both immigration and rural to urban migration within the country. Since CE is a chronic dis-
ease and the development of signs and symptoms lasts years, prevention and control programs
as well as changes in population movement, could have an overdue impact, difficult to mea-
sure through an indicator such as the hospital discharge diagnoses [33]. Besides, the lack of
reliable statistics on the epidemiology of echinococcosis in dogs and farm animals makes it dif-
ficult to compare prevalence rates before and after the application of control programs in
Spain [8]. Whatever the case may be, our results underline the need of a nationwide systematic
approach towards CE.
Limitations and conclusions
Even if the CMBD provide information from a network of hospitals that covers more than 99%
of the population living in Spain [17,18], hospital discharge records do not include cases man-
aged in an outpatient setting or asymptomatic cases, thus hospital records are still underesti-
mating the real burden of CE in Spain. Moreover, we decided to select only those records with
CE as main diagnosis, assuming that the first diagnostic position is the main cause of hospitali-
zation. Otherwise, encoding error may exist, and cannot be amended as the data included in
the CMBD are irreversible.
The CMBD does not provide information about parasite isolation, detection cyst stages,
PCR or serologic test for diagnosis of echinococcosis, and this impairs the quality of data. How-
ever, the CMBD database provides reliable information to support decision-making based on
ICD-9 codification carried out by medical doctors without being subject to the limitations of
outpatient surveillance systems, such as under-diagnosis or reporting deficiencies. It remains
dependent only by the population’s health seeking behavior and healthcare accessibility [45].
CMBD has also been proved to be a trusted source for many epidemiological studies [46].
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Important additional information to assess CE epidemiology such as occupational expo-
sures and geographical origin is not collected in the CMBD database. Moreover, we also lack of
information from the animal side at national level. Data about disease prevalence in dogs in
Spain are only found in a few publications, and are frequently biased since there is no consen-
sus on what should be measured or the diagnostic method to use [47]. Data from farm animal
echinococcosis prevalence reported to the EFSA are obtained on slaughtered animals by
inspection each year. Even so, these are probably underestimations, as the vast majority of
slaughtered animals are less than 1 year old, less than the time needed for the oncosphere to
develop into a visible lesion [8].
In summary, available information on CE is incomplete and insufficient to assess properly
its epidemiology in Spain, despite that CE remains one of the most important anthropozoo-
noses in terms of human incidence and morbidity [9]. A comparison of notified cases with
data from hospital records has previously shown that CE case numbers have been clearly
underestimated in the last 10 years [11]. Furthermore, Benner et al. calculate the overall eco-
nomic losses due to human and animal CE in Spain in 2005; assuming no underreporting, they
estimated an annual loss of €148,964,534 [48]. All these figures underline the need of a national
surveillance system, which would allow a more accurate data collection, analyzing and inter-
pretation. It will also be of added value in completing a more accurate picture of CE in Spain,
resulting useful both in gaining extended disease knowledge and reducing CE morbidity and
related-costs, but especially in evaluating implemented control actions.
Due to the limitations of current reporting systems, the WHO Collaborating Centre for the
Clinical Management of Cystic Echinococcosis, (University of Pavia, San Matteo Hospital
Foundation, in Pavia) and the Istituto Superiore di Sanità (the Italian National Health Institute,
ISS, in Rome) set up the Italian registry of cystic echinococcosis (Registro Italiano Echinococ-
cosi Cistica, RIEC) as an initiative at national level in Italy [24]. This has been recently scaled
up to the European registry for cystic echinococcosis (http://www.heracles-fp7.eu/erce.html,),
an online registry that allows the collection of both basic epidemiology and detailed longitudi-
nal clinical data in a simple and unequivocal way, in an initiative funded by the European
Union [49]. This tool provides an efficient and disease-tailored template to governments, the
European Commission and related European agencies to harmonise data collection, monitor-
ing and reporting of CE. The planned publication of the first data of this registry in the near
future could help to foster the participation of clinicians managing CE patients at European
level, thus giving the chance to evaluate more accurately the burden of disease cause by CE in
the European Union.
Supporting Information
S1 Table. Cystic echinococcosis hospitalizations rates per 100,000 per year, 1997–2012,
Spain.
(DOCX)
S2 Table. Cystic echinococcosis hospitalizations rates per 100,000 per year by age group,
1997–2012, Spain.
(DOCX)
S3 Table. Cystic echinococcosis hospitalizations rates per 100,000 per year by autonomous
community and time period, 1997–2012, Spain.
(DOCX)
S1 Checklist. STROBE Checklist.
(DOC)
Epidemiology of Cystic Echinococcosis in Spain
PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0004942 August 22, 2016 12 / 15
Acknowledgments
We would like to thank the General Sub-direction of the Institute for Health Information,
Spanish Ministry of Health, Social Services and Equality, for providing the information on
which this study is based. We would also thanks Diana Gomez-Barroso for her help with the
mapping.
Author Contributions
Conceptualization: ZHMSL PA RLV.
Formal analysis: ZHMSL RLV.
Funding acquisition: AB.
Investigation: ZH.
Methodology: ZH RLV.
Project administration: ZH.
Resources: PA AB.
Supervision: PA AB TG.
Visualization: ZH AG.
Writing - original draft: ZHMSL RLV AG.
Writing - review & editing:MSL RLV PA AB TG.
References
1. Carmena D, Cardona GA. Echinococcosis in wild carnivorous species: Epidemiology, genotypic diver-
sity, and implications for veterinary public health. Vet Parasitol. 2014; 202: 69–94. doi: 10.1016/j.
vetpar.2014.03.009 PMID: 24698659
2. Craig PS, Budke CM, Schantz PM, Li T, Qiu J, Yang Y, et al. Human echinococcosis: a neglected dis-
ease? Trop Med Health. 2007; 35: 283–292.
3. Eckert J, International Office of Epizootics., World Health Organization. WHO/OIE manual on echino-
coccosis in humans and animals: a public health problem of global concern [Internet]. Paris: World
Organisation for Animal Health: World Health Organization; 2001. Available: http://whqlibdoc.who.int/
publications/2001/929044522X.pdf
4. European Food Safety Authority (EFSA). Assessment of Echinococcus multilocularis surveillance
reports submitted 2013 in the context of Commission Regulation (EU) No 1152/2011 [Internet]. Avail-
able: http://www.efsa.europa.eu/sites/default/files/scientific_output/files/main_documents/3465.pdf
5. Centers for Disease Control and Prevention (CDC). Alveolar Echinococcosis (AE) FAQs [Internet].
Available: http://www.cdc.gov/parasites/echinococcosis/gen_info/ae-faqs.html
6. Kern P, Ammon A, Kron M, Sinn G, Sander S, Petersen LR, et al. Risk factors for alveolar echinococco-
sis in humans. Emerg Infect Dis. 2004; 12.
7. Wolfe ND, Dunavan CP, Diamond J. Origins of major human infectious diseases. Nature. 2007; 447:
279–283. PMID: 17507975
8. Rojo-Vazquez FA, Pardo-Lledias J, Francos-Von Hunefeld M, Cordero-Sanchez M, Alamo-Sanz R,
Hernandez-Gonzalez A, et al. Cystic echinococcosis in Spain: current situation and relevance for other
endemic areas in Europe. PLoS Negl Trop Dis. 2011; 5: e893. doi: 10.1371/journal.pntd.0000893
PMID: 21283615
9. Carmena D, Sánchez-Serrano L, Barbero-Martínez I. Echinococcus granulosus infection in Spain. Zoo-
noses Public Health. 2008; 55: 156–165. doi: 10.1111/j.1863-2378.2007.01100.x PMID: 18331519
10. Vuitton DA, Economides P, the WHO-IWGE EurEchinoReg Network. Echinococcosis in Western
Europe, a risk assessment/risk management approach. [Internet]. Food and Agriculture Organization
of the United Nations (FAO); Available: ftp://ftp.fao.org/upload/Agrippa/666_en.doc
Epidemiology of Cystic Echinococcosis in Spain
PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0004942 August 22, 2016 13 / 15
11. Pardo J, Muro A, Galindo I, Cordero M, Carpio A, Siles-Lucas M. [Hydatidosis in the province of Sala-
manca (Spain): should we let down our guard?]. Enferm Infecc Microbiol Clin. 2005; 23: 266–269.
PMID: 15899176
12. Official State Gazette (BOE in Spanish). Royal Decree 2210/1995 [Internet]. Available: http://www.
isciii.es/ISCIII/es/contenidos/fd-servicios-cientifico-tecnicos/fd-vigilancias-alertas/real-decreto-
22101995.pdf
13. Carmena D, de Mendiola ABP, Serrano LPS. Reporting of human cystic echinococcosis in Spain: how
effective is the epidemiological surveillance system? Enfermedades Infecc Microbiol Clínica. 2010; 28:
135–136.
14. European Food Safety Authority (EFSA), Eupean Centre for Disease Control and Prevention (ECDC).
The European Union Summary Report on Trends and Sources of Zoonoses, Zoonotic Agents and
Food-Borne Outbreaks in 2013. [Internet]. 2015. Available: http://ecdc.europa.eu/en/publications/
Publications/EU-summary-report-trends-sources-zoonoses-2013.pdf
15. Lopez-Bernus A, Belhassen-Garcia M, Alonso-Sardon M, Carpio-Perez A, Velasco-Tirado V, Romero-
Alegria A, et al. Surveillance of Human Echinococcosis in Castilla-Leon (Spain) between 2000–2012.
PLoS Negl Trop Dis. 2015; 9.
16. Torijano-Casalengua M, Martínez-Sánchez E. Boletín Epidemiológico de la Comunidad de Madrid.
Informe Zoonosis. Años 2002–2004. [Internet]. Comunidad de Madrid.; 2005. Available: http://www.
madrid.org/cs/Satellite?blobcol=urldata&blobheader=application%2Fpdf&blobheadername1=Content-
Disposition&blobheadervalue1=filename%3Doctubre2005.pdf&blobkey=id&blobtable=
MungoBlobs&blobwhere=1352845487099&ssbinary=true
17. Ministerio de Sanidad, Servicios Sociales e Igualdad. Hospital Discharge Records in the National
Health System. CMBD [Internet]. Available: http://www.msssi.gob.es/en/estadEstudios/estadisticas/
cmbdhome.htm
18. Ministerio de Sanidad, Servicios Sociales e Igualdad. Explotación estadística del Conjunto Mínimo
Básico de Datos Hospitalarios. Norma estatal 2012. Notas Metodológicas [Internet]. Available: https://
www.msssi.gob.es/estadEstudios/estadisticas/docs/NormaGRD2012/2012_norma_estatal_not_
metod.pdf
19. Centers for Disease Control and Prevention (U.S.) C for M& MS (U. S. ICD-9-CM international classifi-
cation of diseases, ninth revision, clinical modification. U.S. Dept. of Health and Human Services, Cen-
ters for Disease Control and Prevention, Centers for Medicare and Medicaid Services: [U.S. G.P.O.,
Supt. Of Docs., distributor]; 2004.
20. Instituto Nacional de Estadística (INE). Cifras de población y Censos Demográficos. [Population figures
and Demographic Censuses]. [Internet]. Available: http://www.ine.es/en/inebmenu/mnu_cifraspob_en.
htm
21. Centro Nacional de Epidemiologia (CNE). [Notifiable diseases. Annual reports]. Enfermedades de
declaración obligatoria. Informes anuales [Internet]. Available: http://www.isciii.es/ISCIII/es/contenidos/
fd-servicios-cientifico-tecnicos/fd-vigilancias-alertas/fd-enfermedades/enfermedades-declaracion-
obligatoria-informes-anuales.shtml
22. Commission European. Directive 2003/99/EC of the European Parliament and of the Council of 17
November 2003 on the monitoring of zoonoses and zoonotic agents, amending Council Decision 90/
424/EEC and repealing Council Directive 92/117/EEC [Internet]. 2003. Available: http://eur-lex.europa.
eu/legal-content/EN/ALL/?uri=CELEX%3A32003L0099
23. European Centre for Disease Prevention and Control (ECDC). Annual epidemiological report 2013.
Reporting on 2011 surveillance data and 2012 epidemic intelligence data [Internet]. 2013. Available:
http://ecdc.europa.eu/en/publications/Publications/Annual-Epidemiological-Report-2013.pdf
23888591
24. Tamarozzi F., Nicoletti G.J., Rinaldi F., Brunetti E., Rossi P., Casulli A., et al. The Italian registry of cys-
tic echinococcosis (RIEC): The first prospective registry with a European future. Eurosurveillance Euro-
surveillance. 2015; 20.
25. Irigoyen M, Arrechea A, Iturriagagoitia AC, Álvarez M, Tuñón T, Dorronsoro M, et al. Equinococosis
alveolar humana. Presentación de un caso. Rev Esp Patol. 2008; 41.
26. Novo Alonso C, Garín Ferreira J, Rodríguez Fernández A, Hernández Antequera E, Zapata Blanco JA,
Vaquero Gajate G. [Hepatic alveolar hydatidosis]. Rev Esp Enfermedades Dig Organo Of Soc Esp
Patol Dig. 1993; 84: 127–129.
27. Siles-Lucas M. Equinococosis alveolar: riesgo de importación por medio de animales domésticos.
GEMFE Boletin Digit 3.
28. Ministerio de Sanidad, Servicios Sociales e Igualdad. Proyecto de transición CIE-9-mc a CIE-10-es
[Internet]. Available: http://www.msssi.gob.es/en/estadEstudios/estadisticas/normalizacion/CIE10/
home.htm
Epidemiology of Cystic Echinococcosis in Spain
PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0004942 August 22, 2016 14 / 15
29. Bristow BN, Lee S, Shafir S, Sorvillo F. Human echinococcosis mortality in the United States, 1990–
2007. PLoS Negl Trop Dis. 2012; 6: e1524. doi: 10.1371/journal.pntd.0001524 PMID: 22347516
30. Moro P, Schantz PM. Echinococcosis: a review. Int J Infect Dis IJID Off Publ Int Soc Infect Dis. 2009;
13: 125–33.
31. Siracusano A, Teggi A, Ortona E. Human cystic echinococcosis: old problems and new perspectives.
Interdiscip Perspect Infect Dis. 2009; 2009.
32. Santivanez S, Garcia HH. Pulmonary cystic echinococcosis. Curr Opin Pulm Med. 2010; 16: 257. doi:
10.1097/MCP.0b013e3283386282 PMID: 20216420
33. World Health Organization (WHO). Echinococcosis [Internet]. 2015. Available: http://www.who.int/
mediacentre/factsheets/fs377/en/
34. Smego RA, Bhatti S, Khaliq AA, Beg MA. Percutaneous aspiration-injection-reaspiration drainage plus
albendazole or mebendazole for hepatic cystic echinococcosis: a meta-analysis. Clin Infect Dis. 2003;
37: 1073–1083. PMID: 14523772
35. Kanat F, Turk E, Aribas OK. Comparison of pulmonary hydatid cysts in children and adults. ANZ J Surg.
2004; 74: 885–889. PMID: 15456439
36. Ministerio de Sanidad, Servicios Sociales e Igualdad (MSSSI). Estadística del Gasto Sanitario Público
2013 [Internet]. 2015. Available: http://www.msssi.gob.es/estadEstudios/estadisticas/docs/
EGSP2008/egspPrincipalesResultados.pdf
37. Instituto de Informacion Sanitaria. Carga de morbilidad y proceso de atención a las enfermedades car-
diovasculares en los hospitales del SNS. 2009 [Internet]. Ministerio de Sanidad, Política Social e Igual-
dad; 2011. Available: http://www.msssi.gob.es/estadEstudios/estadisticas/docs/Estadisticas_
Comentadas_02.pdf
38. Romig T, Dinkel A, Mackenstedt U. The present situation of echinococcosis in Europe. Parasitol Int.
2006; 55: S187–S191. PMID: 16352465
39. Dail DH, Hammar SP. Dail and Hammar’s pulmonary pathology. Springer Science & Business Media;
2013.
40. Zurita Romero M, Molina FJ, Salva F, López P, Usamentiaga E, López K, et al. Hidatidosis peritoneal
diseminada en curso de embarazo a termino totalmente asintomatica. Revision bibliografica [Internet].
2010. Available: http://dialnet.unirioja.es/servlet/oaiart?codigo=3243581
41. Najera P. El Quiste Hidatidico [Internet]. Ministerio de Agricultura, Pesca y Alimentacion; 1985. Avail-
able: http://www.magrama.gob.es/ministerio/pags/biblioteca/hojas/hd_1985_20.pdf
42. de León AC, Ferreira GC, Hermoso FG, Nieto LH. Primer caso autóctono de hidatidosis en las Islas
Canarias. Med ClínBarc. 1985; 84: 586.
43. Epidemiology of alveolar echinococcosis in Europe: Monitoring and Control Perspectives [Internet].
Nancy, France: European congress on alveolar echinococcosis. Abstracts summary.; 2010. Available:
http://e-l-i-z.com/congres/doc/2010-Echino_Congress-Abstract_Book.pdf
44. Gimeno Vilarrasa F. Incidencia de zoonosis utilizando diversas herramientas de vigilancia epidemioló-
gica [Internet]. Facultad de Farmacia. Universidad Cardenal Herrera (CEU). 2014. Available: http://
dspace.ceu.es/bitstream/10637/7304/1/Incidencia%20de%20zoonosis%20utilizando%20diversas%
20herramientas%20de%20vigilancia%20epidemiol%C3%B3gica_Tesis_Flor%20Gimeno%
20Vilarrasa.pdf
45. Legido-Quigley H, Urdaneta E, Gonzalez A, La Parra D, Muntaner C, Alvarez-Dardet C, et al. Erosion
of universal health coverage in Spain. The Lancet. 2013; 382: 1977.
46. Ministerio de Sanidad, Servicios Sociales e Igualdad. Análisis de prevalencia y fiabilidad en los regis-
tros del CMDB estatal de hospitalizacion [Internet]. 2011. Available: http://icmbd.es/docs/informe-
comorbilidades-1.pdf 21492089
47. Benito A, Carmena D, Joseph L, Martínez J, Guisantes JA. Dog echinococcosis in northern Spain:
comparison of coproantigen and serum antibody assays with coprological exam. Vet Parasitol. 2006;
142: 102–111. PMID: 16863681
48. Benner C, Carabin H, Sánchez-Serrano LP, Budke CM, Carmena D. Analysis of the economic impact
of cystic echinococcosis in Spain. Bull World Health Organ. 2010; 88: 49–57B. doi: 10.2471/BLT.09.
066795 PMID: 20428353
49. HERACLES. European Register of Cystic Echinococcosis [Internet]. Available: http://www.heracles-
fp7.eu/index.html
Epidemiology of Cystic Echinococcosis in Spain
PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0004942 August 22, 2016 15 / 15
